Purpose: The aim of this review was to investigate the effect of initial graft tension on patient-specific functional outcomes post anterior cruciate ligament reconstruction and determine if a particular tension is associated with superior functional outcome.
Introduction
Restoration of normal knee kinematics through replicating the natural anterior cruciate ligament is core to achieving optimal outcomes in anterior cruciate ligament reconstruction (ACLR) (1) (2) (3) (4) . A number of factors have been proposed to contribute to such outcomes including graft choice, tunnel placement, graft tension, graft fixation, tunnel motion, graft healing and post-operative rehabilitation (4) (5) (6) (7) . Despite graft tension being recognized as a significant contributor to successful ACLR, there is little consensus on the amount of tension required to produce an optimal outcome (5, 8) . As a result many surgeons rely on achieving an observed isometric graft prior to fixation to guide the amount of tension applied (9) .
Historically, graft tension was described subjectively as 'strong tension' or 'as far as it would go', and objectively as preservation of 5mm anterior-posterior translation (10) (11) (12) . In recent years, attempts have been made to quantify graft tension with the introduction of tensioning devices (7, (13) (14) (15) . The quantifying of graft tension has been proposed to result in an optimal biomechanical outcome as well as an ideal environment for graft healing and ligamentization (8, 16, 17) . Early investigation into the amount of tension a surgeon applies when manually tensioning a graft demonstrated significant variability between surgeons (mean difference 14.8(7.2), p=0.002) (2) . There is potential that this variability contributes to different post-operative outcomes achieved as a result of over or under constraining the knee. Recent reviews of graft tensioning have reported tensioning to range between 1N -147.1N in animal, cadaveric and clinical studies (5, 8) . In human studies a recent qualitative review of randomized controlled trials suggested 80N of tension in a semitendinosis-gracilis graft produces less side-to-side difference (STSD) in anterior tibial displacement (5) . The paper goes on to note the limited homogeneity between tensioning protocols and also demonstrates the variability in the amount of tension utilized in human studies (5) .
While these reviews contribute to the body of knowledge on graft tension, none have specifically addressed the impact of graft tension on functional outcomes post ACLR.
Additionally, there is limited quantitative analysis available to provide a comparison between outcome measures reported. Thus, the aim of this review was to investigate the effect of graft tension on patient specific functional outcomes post ACLR and undertake quantitative analysis of available data to determine if a particular tension produces superior functional outcomes post ACLR. It is our hypothesis that a medium tension range will produce a better functional outcome when compared to low and high tension ranges.
Methods
A protocol outlining the search strategy, inclusion and exclusion criteria, quality assessment and data extraction was developed according to existing standards for systematic reviews (18, 19) . To satisfy the aims of the review, the key search terms (full and truncated), used alone or in combination were (1) anterior cruciate ligament or ACL (2) tension and (3) function. Articles were critically appraised (MB and PD) using a quality appraisal tool adapted from Bourke et al. (2010) (21, 22) and each article was given a score out of 12 based on the criteria presented in Table 1 . All Included articles were ranked according to the NHMRC levels of evidence scale (I-IV)(20) follow up protocols and patient demographics (gender and age). All extracted data is presented in Table 2 . 
Results
724 articles were initially identified of which 267 were duplicates. Of the remaining 457 five were included in the review for assessment and analysis ( Figure 1) . Pubmed returned the largest number of results (n=292), followed by Scopus (n=214) and Medline (n=60) with PeDro and LILACS returning no results. Eight review articles were identified in the search, the reference lists crosschecked prior to removal with one additional article being included.
Cadaveric-based studies were the most common reason for exclusion (n=256) followed by article not focused on ACLR (n=105) with the remaining being animal and computer based studies. Of the 50 articles assessed against inclusion criteria, eight articles progressed to quality assessment and five articles met the minimum requirement of NHMRC level III-1 or higher.
The methodological score for each study is presented in Table 3 . The highest score achieved was 8/12. The mean (SD) score for the five included articles was 5.8 (1.3) with all articles failing to score in criteria 10 (loss to follow up reported), criteria 11 (sample size calculation performed) and criteria 12 (trial included an intention-to-treat analysis). All articles scored a point for criteria 3 (treatment and control groups well described, well matched) criteria 5
(rehabilitation programs other than trial options identical), criteria 6 (outcome measures clearly defined) and criteria 8 (minimum of 6 months follow-up performed). 
Study characteristics
Participant numbers ranged from 38 to 64 participants with a bias towards males (aprroxiamtely 2:1). Participant ages were similar (24.7 +/-3.6 years ) as was follow up duration (19.5 +/-5.0 months) across studies ( Table 2) .
Initial graft Tension
Initial graft tension reported within the articles ranged from 20N -147.1N. The most frequently reported tension was 20N (n=3) (13, 14, 24) with 40N reported in a further two studies (13, 14) . The remaining tensions reported included 45N, 78.5N, 90N, 117.7N and
147.1N
Side to side difference in anterior tibial displacement STSD in anterior tibial displacement as measured by an arthrometer was reported in all five articles (7, (13) (14) (15) 25) . Kim et al (2006) , Van Kampen et al (1998) and Yoshiya et al (2002) reported no significant difference between groups immediately post surgery or greater than 12 months post surgery (13, 15, 25 Table 2) Quantitative comparison of STSD in anterior tibial displacement between articles was performed using effect size represented as a standardised mean difference with 95% confidence intervals. Variability in reporting meant that data was unavailable pre-operatively for two articles, post-operatively for three articles and 12 months for 1 article (Table 2 ).
There was a reduction in the STSD in anterior tibial displacement from pre to post surgery for all articles (7, (13) (14) (15) 25) . 80N of initial tension produced the largest effect (Standardised mean difference -2.98; 95% CI -3.82, -2.14)(14) while 45N produced the smallest effect (Standardised mean difference -1.19; 95% CI -1.83, -0.54)(7) (Figure 2 ). Between pre and 12 months post surgery the greatest effect was produced at 78.5N (Standardised mean difference -2.45; 95% CI -3.40, -1.51) (25) and again the smallest effect produced at 45N of initial tension (Standardised mean difference -0.98; 95% CI -1.61, -0.35)(7) (Figure 3 ). 
Between-tension comparison at

Additional outcome measures
The IKDC Subjective Knee Form was collected in two articles (13, 15) . However, Van
Kampen et al (1998) was the only paper to report a comparison and showed no significant difference between 20N and 40N of tension (13) .
Two articles compared knee range of movement between various tenions with both reporting no significant difference in either loss of flexion or extension between groups at 20-24 months post surgery (7, 14) . Two articles compared quadriceps and hamstring strength as a percentage of injured and non injured with both articles reporting no significant difference between tensions(14, 25).
Discussion
Graft choice, tunnel placement, initial graft tension and angle of fixation are all thought to contribute to functional outcomes in ACLR (16, 26, 27 (7, 14) . In contrast, Van Kampen et al (1998) reported no significant difference between 20N and 40N and concluded 20N was sufficient when selecting a BPTB graft. However in our analysis of treatment effect the difference between 20N and 40N was the smallest of all the data analysed (Std mean difference 0.06; 95% CI -0.58-0.70) and therefore it would be reasonable to conclude that had a medium tension been included a similar finding may have been reached.
While the review offers clinically relevant recommendations regarding ACLR outcomes, the relationship between STSD in anterior tibial translation and patient function has not been established (28, 30, 31) . Although evidence supports the measuring of STSD in anterior tibial displacement as a valid method for detecting ACL deficiency, there is no correlation between measured laxity and functional outcomes (28) (29) (30) (31) (32) (33) . A recent study by Kocher et al (2004) demonstrated no correlation between STSD laxity and activities such as walking, jumping, running stairs and return to sport concluding that laxity is not a good indicator of functional success (31) . This is supportive of an earlier study by Eastlack et al (1999) who reported patients with laxity post ACLR differed significantly in their functional outcomes and concluded that patients are better characterised as either copers or noncopers based on their functional capability not the measured laxity (28) . Based on the literature available it is difficult to draw a difinitve conclusion as to which tension produces a superior functional outcome.
Limitations
A number of studies did address the effect of initial graft tension on post surgical functional outcomes, however the methodological quality was often poor and the reporting of results was inconsistent (Table 2) . Based on the assessment of quality (Table 3) 
Conclusions
The objective of this review was to systematically assess the literature to determine if a particular initial graft tension results in superior outcomes post ACLR. From the review there is trend towards an initial graft tension of 78.5N-90N resulting in a a reduced STSD in anterior laxity as measure by an instrumented knee laxity device. However, there is insufficient evidence to conclude if patient-specific function is improved at any specific tension.
